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improvement, in gr relat -, nfT ^ | ^ 

5 This invention relates to novel contrast agents 

-re particularly to ne, gas-containing or gas! 
generating contrast agents of use in diagnostic 
ultrasonic imaging. 

° It is well known that ultrasonic Paging comoris^ 

a Potentially valuable diagnostic tool, fir JZ1 Tn 
studies of the vascular system particularly^ ' 
cardiography, and of tissue microvasculature A varietv 
of contrast agents has h oon variety 
acou<5 ,. . 9 has been Proposed to enhance the 

acoustic images so obtain^ < , ^. 

solid M r-i-< ; obtained, including suspensions of 

system. Ul " 1 " 3 and ^-generating 

initial studies involving free gas bubbles 
generated * viv* by intracardiac injection of 

agenLrel:^^- 2 t^" " 

in methods of stabile accordingly been shown - 

stabxlismg gas bubbles for 

e^° C re rd u° 9r4Phy Ot -« ""«sonic studies, for 

example using emulsifiers. oils, thinners or sugars. 

WO 80/02365 discloses the use of gelatin 
encapsulated gas microbubbles for .„k, 

' es for enhancing ultrasonic 
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images Such .icrob^es do no,. however 

xn echocardiography (1 . 10 in via „ P " f " red £or « 

thinness o f the encapsuiating coating 

EP-A-0327490 discloses, inter an, 
contrast a g ents comprising ' ^rfp^^f aS ° nlC 
biodegradahie poiy^er (e.g. . poi^r" „T" IC 
carbonic acid, a polyaifcyi cyanoac^e a ooi ^ 
10 acid, a polya*ide, a Poiyacryiated^arid! ra " ln ° 
polyorthoester) containing » Mocharida or a 

-ving a boiX in g poLTbeL ^"nT"" ""^ 
for.. Smuisiriers My be as 

preparation of such aoent s I * s *abilrs«r S in the 

- cne^icaiiy interact ^e^C ■* ~ 

-per^ 7 ;:::^^ <- - « 

Protein, e.g. J^JZ ^T" 1 "^ in 

*0 permit the produerLn oT (HSA> " SU< * ^ Gt — 

sire or e.g P a^r^'.SST'* 1 * » 

visualisation or SL^LT^JT ^ 

neart and myocardium. 

Other ultrasound contrast ano „* 
25 encapsulating agents have h ! ""^ proteins •« 

literature L " describ *<* in the 

JSs rrr in ep 0359 246 

4,844,88 2 MolLuLr ( r- Pla ^ ~U~t). US 

fpHne , . ; MOXecula ^ Biosystens), W0 84/02838 

<* caiirornia, , ;rs„ /0236 ( s Th ; R Re9entS ° £ «» ""^rsity 
(Feinstein,. „s 4 , J^"'' ° S «»"«.»«• 

(Feinstein,. (Feinstein, , EP „ 224 934 

under^Je^aTd've";'' 336 ' 1 UltraS ° Untl 

*as-mied ILumin ^T": ° f * —P— i- .< 

' Albunex *. Prepared by sonication of 
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a solution of albumin. 



2S 



30 



Albumin based ultrasound contrast »„ . 
5 deS " ibed *« «» following publicatfon^r " '™ 

Circulation 7^ ssTTtsea, n Arastr ° n * <* ml. in 

- 566 (1988) . Heidenreich e t a T *" Ci ~^»°» 

566 (X988) , Keller " " 81 • « circulation 2S£. 

U*s 8) , Barnbart et al L, " " rCUl " lon ^ 567 

U9B9, . Silverman et ai , I " ** 
Silver-an et al iTr^* Clrcula "°" fifliL. 369 U909, , 

s « ,, • n clrcu iation aaa. 349 (i 9891 « 

5 et al. ln clin.Res. ^ 294 (198^7% ! Seg " 
« Circulation ^ ^ (198 ' ' Helde "«ich et al. 

Circulation 370 (1999, Heid " ^ *" 

Circulation ^ 566 ' """r^* ** «• *» 

Circulation aT% s (issof c " *" 

-*e et al. in I *' *** 2 " (1 "<" ' ' 

al- in Invest Radiol 2SS ,'«7 7 (1990) - B»"*art et 

*. *» sec Hcno ^ ; 8 of:," 2 ! 19 : 0 ' ' •* ax. ta 

—I ^ 3X6 ; LT:ra n i et ln ai ; in j - «»• 

Cardiol is io5 ,, 0 ' al ~ ln J * A* Coll. 

95 (1990), Bleekei- . 
Med <u 461 (1990) Hlin J ln J * Wta-ound 

(19891 » wo ''.Hilp«rt: et al. in Radioloav 173 

(1989) , and Shapiro et al in t * *°xogy 121^. 361 

(1990) . * in J ' ^ ffl * Coll. 2^ 1603 

However, as indicated above uitw. 
agents based on gas-flu ^ ultrasound contrast 

unstable in vivo I Proton microspheres are 

such Produ1 t r% a a n r Til * ^ *" 

-ocardiograph, ^^^ a ^^^~ « 

" 1989) , concluded 
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that batch, mixing pressurp m * - 

affect the left alrZl * ^ fflediun 

■Lett atrium contrast with c;„„u 
products. SUch Protein based 

cavity opacification wlth albu „^ 9t ° UP ' * 

m right ventricle in h ; 8 i r: n t : e T:r; res was s - 

the left ventricle in «„ ot the ^1" """" in 
10 el. have in circulation ^ 3^,"' » Shand " « 

about the pressure releteTstL i I 

— " Microspheres a -T^^ J' IS.""- 
published in J. Am. coll r-- - ■ , recently 
o, uXtrasound myocard^s 'e^ <"'»> lac, 

IS administration o £ sonicated ^umln 

Feinstein has in BP 0224 934 „„ „ 
».." 4.7ls,„3 columns 3 and I Tr, *** "' 8 Claia 

2 = chemically denature, or » f w» t „I 

derivatives thereof ™ ' Protein, and 

Protein (or otr^vemT'Tb dan " Uratlon 
either binding the ^ilT^ """^f ""^ ^ 
aldehyde, such as JutaraTd^ h Pr ° tein - rM «lve 
procedure of stabm""^* * «" 

contrast agent tb. "vented microbubble 

with o. 25 :r s ?< s :ra r ° bubbles " ay be raaotad 

cram o f protein at p« - ^T. T"^^ «« 
contrast agent is Jl* 6.«"»r«. The treated 

cashed to Lo V e as :: c h 9e T y eXtenSlVely ' 

6 as mu ch of the unreacted 

glutaraldehyde as possible... 
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Various denaturing chemicals or crosslinking agents 
for proteins have been described i n the literature 
(See for example Methods Enzymol 17^ 584 (1989, and 
Chemical Reagents for Protein Modification, Volume II 
5 page 123, CRC Press inc.) 

However it is important that any contrast agent 
should be rapidly eliminated from the subject in a short 
term after use, e.g. preferably having a half life of 
10 not more than 48 hours. Crosslinking by glutaraldehyde 
or formaldehyde may not always be effective in providing 
an adequate balance between stability during ultrasound 
visualisation and rapid elimination. The protein 
itself, being human serum albumin, is not rapidly 
15 degraded by vascular enzymes and reagents such as 

glutaraldehyde do not form readily biodegradable bonds 
with the protein. 



20 



25 



30 



35 



The present invention is based on the concept of 
crosslinking the protein shells of microbubbles to 
introduce biodegradable linking groups, thus providing 
ultrasound contrast agents with adequate stability for 
the duration of ultrasound visualisation but sufficient 
biodegradability to permit rapid elimination 
subsequently. 

According to the present invention, therefore, we 
provide ultrasound contrast agents comprising 
microbubbles of gas or a gas precursor encapsulated in a 
shell of protein crosslinked with biodegradable 
crosslinking groupings. 

Biodegradable linkages which may be used include 
amide, imide, imine, ester, anhydride, acetal, 
carbamate, carbonate, carbonate ester and disulphide 
groups. ^At least one such group should preferably be 
present '^n the crosslinking grouping. m general, any 
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esrers will be biodegradable particularly those 
containing the grouping -CO. O- or -O.C0.o- one 
particularly useful class of biodegradable ester 
groupings has the structure 

5 -( Y ) n - c °.O.C(R'R2) .o.co. (Z) - 

(where v and z, „ hlch nay be the SMe or " dif£erent _ 

T ~°~'~ S ~ " " NRl "-' ^ SYmb ° 1S »• Vhi <* -V b= the 

the same or deferent, are hydrogen atoms or carbon- 
attached monovalent groups or together represent a 
carbon-attached divalent organic group; and R> is a 
hydrogen atom or an organic group. y and 2 are 
preferably -o-. Such g roups g enerally degrade 
eliminate a compound r'r'co and either form carboxyl 
groups on the residue or, in the case of carbonatT 
esters, may eliminate oarbon dioxide to form hydroxy! 
groups on the residue. ' ^ 

R'. R* and R' may each be a hydrocarbyl or 

atomr 0 ^ 1 " ,r ° UP ' f " eXMPle haVi "' <=«*™ 

up ^'lo'carn" 1 ° r alkenyl ™ 'P"'=rably having 

up to io carbon atoms, , a cycloalkyl group (preferably 
having up to 10 carbon atoms, , an araljcyl group 

~" haVi " 9 UP t0 20 Carb0 " " ODS > • •» «T1 9 «up 
(preferably having up to 20 carbon atoms, or a 

heterocyclic group having up to 20 carbon atoms a™, one 
or more heteroatoms selected from o.s and „, sucTa 
hydrocarbyl or heterocyclic grouping may carry ol „ r ~ 
more functional groups such as halogen atomTor groups 

R and RS. wnlch Day be the ^ dil;feren 

hydrogen atoms, acy! groups or hydrocarbyl groups as 
defined for R- and R* : * 1s . hydroge „ ^ or 

3S hydrogen atom or a grouo as d.fi„»j „i , 

pi ,„ rt „2 group as defined for R' or R 2 ; where 

1" represent a divalent grouping, this may for 

example be an aliens or alKenylene group (preferably 
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having up to !0 carbon atoms, which May oarry one or 

and r V Un " i0nai 9r ° UPS ** de " ned ab ° Ve - In *' 
and > are preferably hydrogen or small groups such as 

aiJcyl groups. 

5 

The protein component can be any protein or 
derivative thereof including polyamino acids. AlbuMin, 
gelatin and ^-globulin are representative compounds. 

> ZLr^T' f ° r inStanCe albuain ' CM be **•*«•<• £r« 
bxologrcal sources, for example fro. human or animal 

technology. A typrcal method for preparation of human 

f De^n ^ £eraenta "°" - Ascribed in „o 90028O8 

(Delta Biotechnology Ltd.). 

providr° rdln9 t0 3 ' U " her fEatUre ° f "» Mention, we 
lllll \ Pr ° CGSS f ° r thS P re P« a «°n «* microbubble 
ultrasound contrast agents in which a gas or a gas 

precursor is encapsulated in a protein which is 

crosslink with biodegradable crosslinking groups. 

befor^V" 5311 "* 1 " 9 ° £ **• Pr ° tSin Mn »<> =ff«oted 
before, during or after encapsulation, it is preferred 

t! !""^ Ui " e ' ^ ^rning microbubbles. first and 

to effect crosslinking subsequently. 

The crosslinking agent may be a compound of the 
formula (I) 

A'-X-A 2 (I) 
where x is « linking group containing Qne or ^ 

lv bl r . a r ie llnka9eS gr ° UpS A ' and A2 ' 

M y be the same or different, are functional groups 
reactive vith proteins. ' 

^ 9r ° UP X Bay Carry furt * er groups reactive with 

protexns to provide an even greater degree of cross linking. 
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Preferably, the group x should have a eh »< , 
of not more than 3 0 atoms. ^ le " gth 

The group x may thus be of the form 

where R * and R> , which m ^ different 

alJcyladene groups having i- 12 carbon ato h 
carry groups reactive with proteins and , / Y 

10 groups, and the group E is Z tl+ i ~ rt 

y p xs an ester groupino 
example of the foraula — o. CO. o— or 

-(VU.CO.O.CfR^.o.co.^^. as deflned above _ 

Crosslinking agents of the formula 

formula A 1 R« fvi ,-vT ™ of an "id of the 

any other 'rea ctive ' " 3 thEre ° £ in *' 

. Privative ^e:;, ^ S a a " Pr ° taCt8d <« * *— 

f.C^Vj.tf where L . iTa 1 P ° Und °* **" t0miX * 
wnere L ls a leaving group such as a 

halogen atom or mesyloxy or tosyloxy and tf i. . 

defined for l' Jaivln„ „ L is a group as 

i, I giving a symmetrical di-««f=,> 

of the formula -O.CO. ,Z) R» a* ' * *-«™» 

> thereof, if necessarv Vji\ ' Pr ° teoted f °™ 

functional de^atZ of £ dePr ° teCtl °- »» 

s-lt. e.g. the potassium salt ^ ** SXMPle « 
normally he carried ouTin solution T " 
polar solvent such as -i^EZC 7JZ^' 
groups for a 1 and A 2 may be th»« Protecting 
_ ^ y De those conventional in the 

g. cyclic acetals such as dioxolan. 

The compound l'.ccr'r*). o.co. (Z) r' a* „h f i . 
hainoen w l *'n- K -A , where L 1 is 

halogen, may be prepared from r'r^.co by reaction wim 
compound of the formula Hal.co. (Z ) R> VrT " 
represents * k^i (Z >n' R -A (where Hal 

presents a halogen atom, i„ the presence of a base 
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such as' pyridine. 

solubility-enhan^^^ groups (especially water 

nitrene precursor a™ halo-nxtroaryl groups, 

etc. y roups, isothiocyanate groups 

Any biocompatible n^o M , . 
contrast agents of the Invent eDPi ° yed *" th- 

nitrogen, oxygen „!! lnVentlon ' for «*»Pie alr . 

«o Xide . ne 1 T!:: , a rgL ro9en ; h nitrous oxide - cart »- 

molecular weiont ! he ««"~i=e and low 

sucn as fiuorinated 

gas My be rree vi^n T '«««uorid B . The 

or entrained rlt^^T?**** 1 ' ° r M ' ** trapped 
"gas- as used l»re"» , ° ? subst ««- The ten, 

gaseous t or* at \ 7 " S " bSta "« 

s. bicarbonate and aminomalonate 



e.g 
5 esters. 



achieve r^TnlT^ Z ^ P " i ~' -~'— *» 
of about 0.1-15 Jl + «""*•»■<» iM gi„ g frequency 

-icrobubbles having 'an .v^ C ° nVenient to ^oy 

«. Substant^^ ? °* 
3i«s of up to soo bUbbleS ' " lth 

applications, for e l,? h °" eVer be USeful in °^er 

investigations of th i^ing or 

the uterus or Fallopian tubes. 

As indicated above the microbubbles *ay be 
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stabilised by incorporation of particular 
t0g " h « " ith th. encapsulated gas 1* ^ 
include, for example sili^, I Particles 
preferred particle s^e °* id - The 

» i- ^ tbe ra„ ge to "oo ™ T" "^"•*»» Prides 
the microbubbles. m ar l ^ ' °" ="* ° f 

they are only 

to disperse the micelles i . ~ ^ u « d 

the material of the particles ' zT™"^ """"" 
10 about 90 degrees. " lcles and the fi uid snouid fee 

The stabilising particles may CJrtv , 
groups which WU1 interact ^ p^r a f0nCtl0nal 

covalent or other n„*. Protein to form 

« -y have a partrii "Le 9 ^ the 0 " 01 * 3 " 

carry silanol groups on the su rf HTJ'J." 

interaction with the " rface <"h lC h are capable of 

forming covalent bond " hydr ° 9en b ° ndin * 

or by 

a The protein may stabilize t-h» _ 

by forming a monolayer at thf ■ ^ ' °* 9M 
liquid medium and the g a s « a ' " bet " eSn «- 

forming veslcles oonsis:i n ; r o n ne PreOUrSOr " * 

containing the gas or gas p'recu^" M1 ~ 

The stabili sation of i-h 0 
the formation of the vesL« ZI T * 

d.scribed in the literature „ activated, as fully 

shading of the p^iT^^ - even 

appropriate medium or the Blxture *» the 

conventional ^o^^^^J™ * -y 

«- - r„^Xei c ~ es My te «- - — 

resulting dried system may' b re'u " ° Vip ° Mt * d - «- 
Physiological acceptable Lh^T^ ^ 
Phosphate buffer, optionally usi ' 3 " 

y usin 9 a suspending or 
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emulsifying agent. 

A gas entrapped system may be obtained by using' a 
gas precursor or the gas itselr ma y be entrapped L 
5 gas may be entrapped into the araphiphile ^ ' ™ 

desorib.1 VSl1 e "ablished method, 

10 conta ' ^ US - A - 477 " 58 '« "eating a gael 

10 contarn lng bubble is by sonication or the mixture in the 
presence or air. Mother well Kn own method T P ls in T 
the gas through a syringe into the mixture or tie 
protern and the liguid. As described in us- A - 3 ^ o0 „o 
^ the mxcrogas-emulsion may be created by using an 
15 apparatus tor introducing gas rapidly Lto a rast- 

rlowmg iiguid. A region or low pressure is coated i„ 
a irguxd containing the protein material. The ITL 
then xntroduced to the region or low pressure aid th. 
gas-rn-lxguxd system is obtained by pumping the 11™L 
20 through the system. F-mpmg the liquid 

P ossib B re u :: n :e„ t e:at p e rl r lpie of >^ i*. * 

t:o generate the gas to be entrapped direct! v «„ 

« ele C ct n ro a i« r C °" talning ^ ^ 

h.T r ne ° essa ^ f « the electrolysis may even 

help to further stabili 2e the protein material Z 

The electLes m^ \TT '*"* an0d "- 

0 adding hydrazine^ r SePar " ed b ^ a sa " ^idge. on 

anode oslng "e ^T" "* " 

CO, from carbolic aji ds n ' * 1S ° »— ** 

2 irooxyiic acxds using electrolysis. 

- -rein, 2^^^^^-^ ^ 

bilayers. These v« JT """"lug o£ ona „ Bore 

Pressure 00.^^ w^Tth" ^ 
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enrrapped in the vesicles. 

In one procedure according to the inv<a . ■ 
encapsulation is effect k • lnVentlon - 

5 the pro tein in an * * a91tati °" - s°nication of 

. in in an aqueous medium to vielri a 

which is dried and thereaftp. Protein foam 

the crosslink agent " in * -lotion of 

a sulphoxide such a diaet h f ° r9aniC 
^ capahie of ^^^Zr^ ~ * 

Eisaaiafcign 1 

{1987, 1758-1764 The 1 ^ Ch<a ''- S ° C " 

»ixed with 100 ml L"^! ! dr y« s - The solid is 

«»et„yl*orma„ide\ aTaL"" ^Tlr ^ 
undissolved material i s , -Mutes at 60 -c the 

(»o „i, ..a, ™: a r i S add rr °* f - *■-- 

to the solution at 60 "c « defT" dUr " 9 ' " lnUteS 

» ( «vco„ ED AS) . The p,::^^ in »° 

» filtration after stirriT * removed by 

removed at reduced pressure" LlZV T ^ 
removed as described by P V T dlolcola " Protection is 

S°o. St .1977, 5773-5780 ' " S£ ~^ Chem. 

tetrahydrofuran (60 ml, J ls di «°lved in 

and the mixture i s stirr J V"" 6 ""* <2 ° Bl » is •*»•« 

temperature. The \f," 2<> h ° UrS " a " biant 

dryness under ^T^TT ^ 

pressure to y le i d the title 
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Prepar ation 2 
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3 A solution of r>«+-, 

- - added t, .^,.^ '-CO M. 40 . 00 
0-C and Che solution freeze dr ' ? ' at 

dl - thylfornanide (230 ml ;\*~°i ?~ « Dry 

heated to 60 -c under a drv \ ^ the ^Pension 

Diiodomethane (i S1 „, nitrogen atmosphere. 

Portions durin, i 0 '"l"" °™ 01> ls added in two 

<~ « days at 60- c. Tb ™ 1 ? s L7~ im MiXt "" ^ 
reduced pressure (0 . 0S „ H T t. f """" 
ml), saturated aoueous sod^'h^! ^ eth « 

-d water (50 ml, are J^"" carbonate ,50 ml, 

extracted with d-ethvl „„ ' aqueous layer is 

combined ether ^ (S * 60 «> and the 

» (film, c^ t, : 2 ; 87 " ( 2 ' S> ' 6 * 18 < 2 *-H-C-, 
(«tr,, 1638 (w), 1454 ( J' 2962 (W> ' 2930 1732 
U00 (str,, 101a (a) , 9 ^V» £1' 1295 (W> ' 1158 
ln acc °^ance vi^ the inven ^ Pr ° dUCt W be used 

crossi ink acryla^ae polyj^ t0 



PreDar a f^ n 



and the solution freeze dried for ,!', ^ " 0-C 

<U»et„yl f ormamioe (aoo ^"^ " h — °ry 
neated to 60 -c under a drv nft **" ~P— K» 

Diiodomethane (l S1 „, nitro 9«n atmosphere, 

portions during " 0 „"„' 20 -°° MOl) is added in two 

4 oays at 60 "c T he and , the rea =«°n mixture left 
reduced pressure ro ns solvent " removed under 

(0-OSmmH,,, befors diethyl ether ,140 
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-racted vith diethyl ethe d r ™« ~ layer i s 

dried MrtCn \ _ _ , ^ ^ \q 



5 dried (Mgso ) » n rt Cer > 4 * 5 ° ml ) • 

ingsoj, and evaporated to give l os „ 

in accordance with tL ' Pr ° dUCt be us <"» 

Crosslin* acrylic acid "T* 10 "' f ° r ~"*»« *° 
iyuc acid and methvl a<-r~iri 
10 nyi ac rylate polymers. 

Preparafir, w g 

a solution of chloroaethyl chloP „ dro P""= *° 

« -ox, and - hyd ro^et nya l:l°;t t Ta « \' 

™°i) in dichloronethane ,« „, , nl * 10 - 00 

nitrogen atMosp6ers . " lter a^ho ^ """" 
reaction mixture i. f S at 2 °" C **• 

H. 10 *!, T S «ur at : d a" WiU> hydr ° Chl ^= »" (X.00 
*• do 1, and water (10 rr° US T : 0diUm h5 ""*-» — — *• 
0*B0 4 , and the solvent " W » io »»-V*ri- 

(10 nun Hg) to ^"^^ ^ »— ~» 

NMR (60 MHz , CDC1 )• S , / title r-omponnfl. '„ 

CH 2 -CH 2 -o, m) , S.47* ( h1 C : !' H2 >' — 

25 m). ' 5 ' 63 ^H 2 -Cl r s >, 6.00 ( H - 

Prfepara tinn c; 

and the solution free" T 9 ' 5 -°° Mo1 ' »* 0-c 

~::ont:TirrT:r -----r n ' 

' ». 0. 25 mol) is added 5 - 00M101 '- ""Crovn-S ( 0 . 066 

l«t under a dry nitro " "'"^ the 

ao-c and . days^at 4 c 09 : h n e at T Phere - * h ° U " " 

C the solvent ls removed under 
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reduced pressure .on* 

•~ »a ter (20 ml) ' add ° e 5 d - £> ether (3fl b 

"ith diethyl echer • ™" layer is extracted 

•««cts „ ashed Bi J *J° - 1 ' and the combined ether 

evaporated to give " , " a> ' (M9S °<> 

•h nhr (S0 „h z , cDci*;. /V ' ° f the "iia-EamEoma. 
«.-«. 5 . 53 /• 4 < 2 * «,. „. 4 ;„ _ 



10 £caEaxatiao_£ 



Pyridine (0.89 B1 , 11-00 

a solution of chloromethvl chlo t dropwise to 

— ».) and ethyiene giycol ( 0 2 8 , ^ a ' M 

» «^oro m ethane (a „ 9 j;^'^ 8 5 -°° in 

a dry H; atmosphere. After ' s 9 °° d s "«i»S under 

20 C Che reaction mixture is tr , n . ( C M S hours at 

runnel „ lth tne aid * " ^ansf erred to a separating 

reaction mixture * l *? ™***'™ 
' »■ 10 1). saturated "e" ^ 0 <**°^ add U.00 
UO ml, and water a 0 rr° US TO SOdiUIn donate 
(Mgso.) and the solvent L t P h «« i* dried 

t= give i. 12 g (Ml , : t ^ tM »~~ reduced pressure 
«HZ, C DC1, ): . 4 . 48 ^^MflBtt. . 8NMR (300 

* «-CH 2 -0,, 1S 3.0 (2 x C,o, ( °- CH ^-0). 72.2 f 2 

EcsBatafclan z 

a solution of chloromethyi chloTo, dropwise to 

-PI) and diethyls Z^T ""' 14 
dichloromethane U 0 »1, « 7 'c 1th ^ ^ *" 
a dry N 2 atmosphere . A «JL ,„ 9 °° d st i"ihg under 

ao-C the reaction mixture is t""', 6 h °»" " 

runnel with the aid of dLhf tr3nSfer " d to a separating 
-action mixture is l h .T <l ° *» 

washed „«h hydrochloric acid u.OO 
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(10 nun „ g) to give 12 (8 " ' " ndEr redUced P-ssure 
5 ,300 MHz , C0C1,,: 6 3 7 2 ,„ , J^^iECfluci. ■„ „„„ 
01,-0-0*,. 5.71 (s , 2 x X 0 , C V- 4 - 34 = X 

■««,): « «7.. (2 x c„ 2 - 0) 6 ?;° • C < 75 "Hz. 

X Cl-CH.-O,. 153. 2 (2 x e,;"- 5 U * £VO-C=0,, 72 .3 (2 

a solution of 1-chloroethvi -h, Sd "ropwise to 

dry N 2 atmosphere. After , ( " 01) " 3 "C under a 

"■c the reaction nix ^ » *»• «t 3-c and 17 hours at 
funnel with the aid " '"""erred to a separating 

reaction mixture is ^ L d " hl ° r ° Bethane <" H - H». 

UP ml, and water (2 xTo Zf, ^"gen carbonate 

^ied ,„ gsoJ and J> • «» organic phase is 

pressure to , ive 3. 76g ( ZT o7Z " 

a solution of o^^^,"""" 01 ' " * d r°P"ise to 
-iol, and 4-hy d ro^ b C y acr * l 1 a °! 0f0n "" B <••»• ll.oo 

in d ""orometha„e a / ml ? a T 3 ! ""^ 10 -°° —D 

atmosphere. After ' ' " 3 C und *r a dry » 

«- reaction mixLr i: 1 ^" 3 ' 0 *"* "=0-c 
funne! with the aid of „ T, " * ^"ating 
reaction 1 T'"^ «« ml,. The 

is washed wxth hydrochloric acid (1 .00 
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^o 1 !,? 1 ''/"^"" aQUeOUS SOdiU ™ hydr °9 en carbonate 
(10 .1) and water ,2 x 10 ml, . Tne orgar)ic 

d " ea (MgS °'' and the ~iv.m: evaporated under reduced 
pressure to give l. 7Sg (74%) of t „. . 

5 MMK (60 MHz CDC1 I • X 1 »•> , , „ 

- ' x CH o, I,' ■ "'' CH ^>' « H. 

CH»;„ ;) ' = <2 S ' C1 - CH »-°>' S -*-«-' (3 H, 



10 



30 



35 



Preparation m 

l-cnioroorhYi ^vmri^w^., aHm . t . 

a soluTi"^ ( ° - 01 ' 13 added to 

a solution of 1-chloroethyl chlorof ormate (1.20 ml 

11.00 »!, and 4-hydroxybutyl acrylate (1.38 Ml, lo.OO 

mmol, m dichloromethane ,12 ml, at ,. c under a dry H, 

IS atmosphere. Atter 15 min. at 3-c and 17 hours at^o-c 

t ^neT Ct l° n 1S to a separating 

funnel with the aid of dichloromethane (10 ml, . tL 
reaction fixture is washed with hydrochloric acid (1.00 

'0 ,' l0 LT ' S " UratSd "ycrogen carbonate 

•0 (10 ml, and water ,2 x 10 ml, . The organlc 

dried (Mgso t , and the solvent evaporated under reduced 

™nr«r 9ive 2,269 f9 °*' °* tha w««i«. % 

""» <«• ««. ««,). .« 1.30 ,4 „. m, CB.-CH,,, 1. 86 (3 H, 
d. o-5 HZ. CH,,. 4.24 ,4 H, ... 2 X CH 2 -0, 7*. 7-6. 6 ,« H 
5 m, CH-CH 2 and CH) . * 1 ' 

Prenai-a tlon u 

l-Wethacryloylnxvethvl ^ maaacrvlovlo 



, , — — ethyl ra p faemf. 

„ yl 2 - met ^cryloyloxyethyl carbonate 

\ u 'llLlT ,m0l, PrePared " daa " ib °* ^ Preparation 

" addBd tD a ««P»"«ion of freeze dried potassium 
methacrylate (0. 68 3 g, 5.50 mmol, and l 8 -crown-6 (0.066 
g, 0.25 mmol, in dimethylformamide (SO mi, under a dry w 
atmosphere. After 5 days at 20-c the solvent isremoL* 
under reduced pressure and the residue dissolved by 

ZlTJ^trT**"* <6 ° ^ SndWatar (30 Di '- A "er 
separating the phases the agueous layer is extracted 
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10 



15 



20 



25 



with dichloronethane (o x 30 ml) and the combined 

;:; o nlC ™ Crated aqueous sc^l 

hydrogen carbonate (50 ml) Thp , OT . 

«-*».> and the so j ent :l v ::i:zz:::: b is dried 

give x. 10o (774) of the r ~ tO 

o.-LO (2 H , n, CH=) , 6.84 fl H V- t-k « 

' . » » J=5 Hz, CH-CHj). 

Prepara tion i ? 

5 oo zrr ethyi 4 - ac ^ io ^^«t yl = arbonat . a 

addedT ^^"^ " described Preparation 9 is 
added to a suspension of freeze dr(»H » . . 
<°-*06 g. 5 . so m61> and i8 _ es - Potassxun acrylate 

in di-ethyifor^ide ( so mi) under a dry n VJosoh ^ 

reduced pressure and the residue dissoived by adlina 
dichlorcethane (60 nl) and water L^" 9 
separating the phases the aqueous iayer L J^Tled 
orqan dlCh h l0rO, " ethane » * *> — «" co^IL 

nyarogen carbonate rso ffi n ™w 

»». »••■ (2 H, s, 0-CH,-O,, 5.7-6.3 (6 H, 2 X CH-CH^ 



30 



35 



Prepara tion i -> 

X = hSX ^^^^ V ^^ -,„„ 

5. 00 lo" P rCre 1 d 4 : a T l0yl0XybUtyl ~ 

add,* - P«pared as described in Preparation 10 is 

added to a suspension of freeze driert „ , 

(0-606 g. 5. 50 antJ fT™" d " ed !**•■«<■ acryiate 

in diaethyifor^ida 50 .XV^ V" 
After 5 days at ?n.r* „ ^ " 2 atmos Phere. 

reduced pressure and th 

P essure and the resxdue dissolved by adding 
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dichloromethane (6 o mi) anH 

sep arating the p l ses ml ^: nd W " -1). After 

with d ichlororaet P han S : S (3 th x e 1-y.r is extracted 

organs phase washed J * 30 ^ the comb ined 
» carbonate e a^eous sodiuffl 

WSO c , and the solvent remo ? ° r9aniC ***** " dried 
^ve l. 28g (89%) of ™»7 P — " to 

(60 MHz. 

CH . rH , * ' d ' J=5 H 2f CH,-CH) i an .„ „ 

1 ' *' J=5 Hz, CH-CH 3 ) . 



m, 2 x 



Prepara tion M 

a > Metliyiene bisr3 -. ^ • 



15 



20 



25 



Ces ^.-n.^K^p^.^^^ 

nixture is stirred for the sus P-"3«n and the reaction 
atmosphere, dmf is „. 31 6 °" C under a <«*y «, 

— Diethyl e ^r; s o o v „ m r er reduced pressu ~ 

"hich is then washed vi T"t added t0 »«— . 

hydrogen carhonate 'Jo^lf " Sodiu - 

extracted with diethyl ^ ^ £~ layer U 

ether extracts are washed with . ' " Th " COB »>ined 

<"*o.> and evaporated tcT g ? v ? 7 T r / 2 " *°° ^ ' dri " d 

« (300 MHz , CDC1 3): , 2 .T ( Z ' (72%> Pr ° dUCt - 

(CH,, d), 3.26 (CH,, s) 



Mathyiene ^nZ T WWm 
-ox, prepared as dJ^*^*^"^ SO 
amount of p-toluene sulf onic «i d • 3 
(250 «, . The ne thanol w " added to tolu ">= 

"action under anTll, •T^ 0 " 6 ' 1 * th » 
-Mete the toluene " aCti °" * 

P—ure. 0ieth y r n e e the r "so ^ * 
mixture is wasne(J (2S0 ni > '« added and the 

carhonate (5xS0 D1) ^ sodiu n hydrogen 

layer is dried (M er (3xs ° ™D • The organic 

9S0 4 , before evaporation to give e.s 2 g 



30 



35 
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(79%, produce. -H HW, (300 mz r ); ( ^ 

5.2 ,2 x CH. «,,, 5. 8 (O-CH^O,. 7 . 65 (2 x 

Preparation is 
5 a) Methylene bisMn-, ldecennata( 

in 100 10 - Und 7 leniC »«" <".75 9. -5 mmol, is dissolved 
» 100 ml water. cesium carbonate U3.04 g, 40 mmol, is 
added to the mixture. The ua ter is removed under 0l) 
reduoed pressure and the salt dried for 2 hours in 
10 The cesia. salt is Mixed with 150 nl 

sti 1 "::""": f added to t --~ i -"«»- .«*»«- is 

stirred for 3 days at 60-c under an N 2 atmosphere. QMF 
,s then removed under reduced pressure. The residue is 

IS " d SUiCa " ith h "—' "^1 acetate 

(8 2, as eluant. The solvent is evaporated to give 7 la 
9 (54%, product. •„ (300 c „ , ^.. ^ 



20 



CHj. t), 4.9 (2 x H 2 C=, n) , 5.88 (O-CH.-O, s, S 9 x 
»0, a,. »c NMR ,300 C0C1,, : . 2 /. 9 -3 .' 98 ' 8 " " 

^ , .'48 7 V^, <0 • CH2 - O, ' 114 - 18 ^ ' — 



30 



b) Wethylene his M n-^ T| nind .^.„„. r . ( 

Methylene bis (10-undecenoate, (8.8g, 25 -oil 
prepared as described in (a, above is added under an h 
atmosphere to .ethylene chloride and cooled to "c * 

to methylene chloride (XS0 ml, and the organic laySr T 

a s :rni e t d h and d : iea (M9s °'> • - 

acid « then added dropwise to the diester. After 
competed addition the temperature is increased J 25 . c 
After 5 hours the y-»a<~t-<;~_ • 

washed with saturated " • *» mixture is 

»„h . saturat ^ aqueous sodium sulphite (75 ml) 

3 5 ml). The organic layer is nurifi^ 

oxide th* cm * Purified on neutral aluminium 

oxide. The solvent is removed under reduced pressure to 
rield 8. 45g (82%) product . ,„ NMR (3oo ^ to 
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1.2-1.7(14 x CH mi 

"** (300 CDC1 c „ ' i' 5 - 75 f°-CH 8 -<». "C 



15 



20 



25 



"etachloroperbenzoic acid (is *» 
" dissolved i„ -ethylene <=hi ^ *' 5 "' 50 

and tne org y :;:: ». ter : is 

"suiting "etachloroperben* J* fM9SO ' ) ' ™« 

«ropvise to .ethylene " T S ° 1Uti ° n — 

-ol) dissolved in math b ; i S j n 4 ; P 2 ten0ate) <«•« 19 
°i*ture i. stirred at a^ntt^ ^ ' "» 
for i 2 nrs , „ nareafter the E "' ^ nper "»" ""Oer nitrogen 

"ith saturated aoueous sodi^^'aT" * ~— 
D. water (So Bi) , dried ™ ° "*rbonate solution (so 

(78*, of the WTs 4) e ™*°rated to give 

product, 'h mm ooT^T^? 3 ? 3 erT " alll »- 

£«*.*>. 3.0 (2XCH ; B ,. 5 5 0 .r 1L£Z'»t- »•■»» 

MHz, CDC1,,: f 27 ,„,,*' SK NMR (75 

<««>. SS;. 47 51 



^gae_bj sf7 - hTTt . enf , aiKn 



Vinylacetic acid fd ■ -» - • 

30 -«»*»» "slua carbonate =01*1!° ^ *" * dded to « 
is stirred for s nin t^ lt (S ° ml » • «• »l«ure 

-idue is dried unuer T^^TZ^' « 
~sxue salt and diiodo-ethanT . ThS resu "lng 

dia.ethylfor.naeide (J0 °" "* 3dded to 

diethyl fornanide is ^ T" 9 *"' "hereafter the 

»• residue is dissolved In d""" redUCSd 

d " """^ "her (loo el, and 
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washed with saturated aaueous sodium s- 

and water (25 ml) Th ' . ^ blc ^bonate (25 ml) 

and evaporated '.Je^Tr;^ 1 :"^ ^ 
"HZ, COCl 3): 4 X. 9 (2XCH ^ V« > Pr ° dUCt - '« NMH (300 

l^XCH 2 ,ra), 5.8-5.9 f2VPH m. cr „ 
5 (OCH.O.S). 7.0-7.1 ( 2 XCH,m,. <=*™.»), 5.9 

Methy,e n .- biaf^h^, | 

Chloroacetic anhydride [12 „ „ „ 
10 paraformaldehyde (2 75 0 ' " 9 ' """O 1 '' 

acid ,15 drops, are " ^ mn0l) and conc - sulfuric 

nitrogen, whereafter the I .It, ° 

with saturated aoueLs mi * tu " * extracted 

xs di^de ^ s :i:zz p z: carbonate untii — « 

C"*o.) • evaporated to d "nU an7th ^ ^ ^ 
distilled (80-c o ,< 7 residue is 

product. ^ ; ™ 9, c ::^?r 2 9 (57 *> 

20 (O-CH.-o,, 1S6 . 4 (a,,. ' CDC1 ' ,: * f«V«. 
Prepara tion 10 

Methylene bisj4 r - nt _, n||||| ^ 

4-Oxopentanoic acid m s „ lnn 
=5 in acetonitrile (7 , ml) , ^ 100 «"> - dissolved 

dia S abicyclo(s.4.0)undec-7-ene'fls 7, 

diluted with acetonitrile (30 ^ is a Ided ^ 

Dixodomethane (13. 4 a so mm aacle d. 

and the reaction Jxlure is^eiiu^^l "<°~« ' • 
'0 atmosphere. After 2 h„ "fluxed under a nitrogen 

-11 consumption of vZLJZ^Z^Z 

uoo ■ jrr^rsrsr f z ei with ethyi — 

5 with 1„ sodium bicarbonate ' (25 :° r9a r C ^ " " aSned 
ml,, dried over Hg S0 and ' ' (3 * 25 

^ to yield the °'' tl S ° 1Vent " 
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(2 X CH s), 2. 760-2.804 (? y t- s 

CH 2 , t), 3 . /35 (CH, bridge, s) . 
Prepara tion ?n 

Methylene b i § C sass inialdvl m , ^ > 
5 h V H \^ (3 " 01methylaniinopro ^ 1 >- 3 -^hylcarbodii aide 

H " (1.00 g, 2.57 nunol) and N- 
hydroxysuccini B i de (0 .„ g , 7 . 71 ' 

io ax BethylfornMide at anbient tenperature £ 

ice water and the product precipitated as an oil The 
colourless oil was dissolved in diethyiether <So' a lT 
washed with water ,3x10 ml) and dried over Jo ^ 

ml) was added to the oily product. After seven days 

MHz CDC1 . 7-" ,V ' '• D - P - : 45 - ,7 - C - "C NMR (75 

= 0 " S 2 £ 61 "£\ a - »••«. 30.SS, 

» "^i, 168.6, 169.30, 172.34. 

25 » h„h bis '«y^en aselate, (0.38 g, l ^l, 

atno h overnight at room te-perature under an - 

30 .ST I" ° £ nitr ° 9en - ThS -i"ure was. " 

^- 8 r ed it a h nd purified by reversed pha - 

(W a with water/acetonitrile ,1 = 1, as eluant to /iZ 

methvir e 7 ylm0rPh0line_N -° Xide ( "- 5 11 — 1) "d 
"■ethylene „„ , xo-undecenoate, f ro„ Preparation 15(b, U9 
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LLrT WSre diSS ° 1Ved in 400 -1 0^ a fixture of 
tetrahydrofuran and water (3:1 v/v) a m «- 1 <- • 
of osmium t-^ v / v > ♦ A catalytic amount 

at 12 ""° Xlde — •*>-. and the solution stirred 

amb le „ c temperature for 20 hours. TLC indicated 
compiete consumption of the starting materia!. Excess 
sodrum hydrogen sulphite and sodium chioride were then 
added to the reaction mixture. The product Z 

<roT:r: d an f d ro : h the resuiting mixture uith «*» 

(A ml) and the water phase was washed with ethyl 

ZTIS " 50 ^ ■ The CODb ^ P-sTwere 

' and eva P°«^d. and the product recrystallised 
from tetrahydrofuran to yield 14. Sg (68 „^ f J^^L** 

b) Methylene bisnn- ^ ^,^ ,,^ 

Methylene bis ( 10, ll-dihydroxyu„decanoate) « 24 - 
5 mmol, was dissolved in ISO ml tetrahydrfuran. sAil 

™' E t V added d «P«i« to the tetrahydrofuran 
after • indlC " Sd *»" consumptioh of the diol 

after 60 m.nutes, whereupon sodium chloride was added to 

25 ™. T " mi " Ure Unt " tnS tW ° P h «- -Parated 
25 The water phase was extracted with diethyl eLer < X 50 
ml). The combined organic phases was dried wi^ 
magnesium sulphate and evaporated to give the ti«m 
™* as an oil, !.„ g (74%J . ., c tmR ^fcoci • 

Example ^ 



1. Gas-fined albumin microspheres are prepared 
according to EP-a-0359 246 and resuspended to 
homogeneity by gentle rolling on a vial roller 
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mx are aiscarded. 

■ Thecal is ce„tri f u g ed upslde doun at 17Q ^ g f ^ 
The solution undempa^h *-k~ 

withdrawn usin, a^"L """•«*•" ^ 

resusoended i„ 2 s 11 7 ' nic « s >""™= are 

oed ln 25 mi of the p hosphate 

" ln °f gentle rolling. 

Points 4 and 5 are repeated twice. 

r^rtne"" 9 «"«i fu ,ed as in point 

4. and the microspheres are resuspended in the 
phosphate buffer to a 

5 x io« oarti.1 concentration of about 
Particles per ml. 

The crosslink methylene bis^-formylacetate, 
prepared as descrihan « e ' ' 

the suspension and th is to 

allow*/,- crosslinJcing reaction is 

30^71: pr : ceed for the desired time C— ^ 

30 60 mxn) under gentle rolling. 

1.5 M Tris-HCl -buffer tnu a o> • 

" er <P H 8 -8) is added to a final 
concentration of o 2«; m * ^ rxnai 
rol 1 «»ri ' nd thS sus P e "sion is 

rolled gently for 10 rain. 

soLti 31 13 CSntrifU ^ d - ^ Point 4. and the 
solution underneath the microsphere layer is 
removed as in point 5. 
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11. The microspheres are resusoended in », 

buffp , , M penaed in phosphate 

buffer , same » olule as , inal vo 

and th. suspension is roiled for 10 mi „ P ' 

12. Points 10 and n ^ 

ana ii are repeated twice, 

5 x io« , concentration of about 

^ x io particles per ml. 

This final suspension of crosslink gas/albua.in 
microspheres is stored at 4 «c. ^as/albxiinxn 

Example 2-?? 

The procedure of Example 1 i s reneat -^ 
r SUnki "' ~ ~< « deseed I""" 9 

u"::\r P rr ca \7' h except th - dinethyi - ^ 

the gammed °f lb Ph ° Sphate bu »« i» the proce^in, o£ 

3-7 z t L =■ 0 :"^: n : icrospheres accortun ' to ***** 
soi Ution in d^TsZ:::^" added in step 8 - * 



